The deletion allele of the insertion/deletion polymorphism of the angiotensin-converting enzyme gene has been suggested to be an independent risk factor for myocardial infarction, particularly in subjects judged to be "low-risk" by the criteria of lipid status and body mass index. In a prospective, matched case-control study, we have investigated the role of this polymorphism as a risk factor for myocardial infarction in 173 newly-diagnosed British Caucasian non-insulin-dependent diabetic subjects taken from the United Kingdom Prospective Diabetes Study who subsequently developed myocardial infarction and 297 control subjects from the same study population matched for known cardiovascular risk factors including age at diagnosis of diabetes, gender, blood pressure, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglyceride and smoking habit. A trend towards increased risk conferred by homozygosity for the deletion allele was observed in cases (odds ratio 1.63, p = 0.09). When the population was stratified according to the matched risk factors, the deletion allele was associated with myocardial infarction in those with low plasma low-density lipoprotein cholesterol (odds ratio 3.67, p = 0.002), or low triglyceride (odds ratio 3.14,p = 0.005). The strongest association of the deletion allele with myocardial infarction was observed in subjects with both low low-density liPoprotein cholesterol and low triglyceride levels (odds ratio 9.0, p < 0.001). These results show that the deletion allele is a risk factor for myocardial infarction in non-insulin-dependent diabetic patients who have a favourable lipid profile. [Diabetologia (1995) 38: 948-952] 
ing to the presence or absence of a 287 base pair fragment in intron 16 of the gene, was found to be in strong linkage disequilibrium with a major gene polymorphism, as yet uncharacterised, accounting for approximately 50 % of the total variability in plasma ACE level [1] [2] [3] . A large case-control study carried out in France and Northern Ireland reported an increased risk of myocardial infarction (MI) in subjects with the DD genotype; subgroup analysis demonstrated this association to be confined to subjects classified as "low risk", based on a low body mass index (BMI) and low apolipoprotein B level [4] . In the control group of the same study population, the presence of the D allele was shown to be associated with an increased frequency of parental MI [5] . The D allele has been found to be more frequent in autopsied cases of definite or possible MI than in control subjects taken from a Belfast population [6] ; a recent retrospective case-control study carried out in French subjects with non-insulin-dependent diabetes (NIDDM) also found association between the D allele and coronary heart disease (CHD) [7] . However, in a case-control study carried out in a Norwegian population, Bohn and colleagues [8] did not observe an association of DD genotype with MI, even in "low-risk" patients.
The UK Prospective Diabetes Study (UKPDS) is a multi-centre, prospective, randomised, intervention trial of 5102 newly-diagnosed patients with NIDDM which aims to determine whether improved blood glucose control will prevent complications and reduce the associated morbidity and mortality. A description of the study design has been published [9] . We have investigated the role of the I/D polymorphism of the ACE gene as a risk factor for MI in this high-risk population, in a case-control study, matching other cardiovascular risk factors as determined at entry to the study.
Subjects, materials and methods
One hundred and seventy-three patients who had suffered fatal or non-fatal MI since enrolment in UKPDS were ascertained (cases). Control subjects were patients drawn from UK-PDS who had no evidence of CHD, and who were matched for the following cardiovascular risk factors: age at diagnosis of diabetes; sex; LDL-cholesterol (within 1 mmol/1); HDL-cholesterol (within 0.3 mmol/1); triglyceride (within 0.3 mmol/1); and smoking status at enrolment (current/former/never). Lipid variables were measured at diagnosis. To enable assessment of whether any association of ACE genotype with MI could arise from an effect of ACE genotype on blood pressure, two groups of control subjects were selected: one matched for hypertensive status as determined by systolic blood pressure (mean of two readings taken 2 and 9 months after enrolment, matched to within 10 mmHg) and presence of antihypertensive treatment at diagnosis of diabetes in addition to the above variables; the other unmatched for hypertensive status. The clinical endpoint of MI was validated independently by two assessors [9] . Within the UKPDS, blood was drawn for genetic analysis commencing 1January 1989. By this time, 128 of the 5102 enrolled subjects had died. At the time of the current study, the total number of deaths in the UKPDS cohort was 499. Of the patients who died after enrolment 75 % were therefore eligible for inclusion in the current study.
Genomic DNA was extracted using the Nucleon method (Scotlab Ltd. Paisley, UK) according to the manufacturer's instructions. DNA (500 rig) was amplified using the polymerase chain reaction, as described by Rigat et al. [10] . Thirty cycles of amplification were performed using a Perkin-Elmer/Cetus DNA Thermal Cycler (Norwalk, Conn., USA), with denaturation for i min at 94 ~ annealing for i min at 60 ~ and extension for i rain at 72 ~ Each 25 ~1 reaction contained PCR buffer (3 retool/1 magnesium chloride, 50 mmol/1 potassium chloride, 10 mmol/1 Tris HC1 (pH 8.4 at 20~ 0.1% Triton X-100, 0.2 mmol/1 dNTPs (Pharmacia, Uppsala, Sweden)), 1 U Taq polymerase (Advanced Biotechnologies, London, UK), and 20 pmol of each primer. Reaction products were electrophoresed on 2 % agarose gels, stained with ethidium bromide, and viewed under ultraviolet light for allele identification.
In view of the concern about possible under-amplification of the I allele in ID heterozygotes [11] all the individuals with DD genotype using the above protocol were reamplified using an I-allele specific primer [12] , with modification in reaction conditions such that denaturation took place at 93 ~ annealing at 65 ~ and extension at 72 ~ Where a DD sample amplified using the I-specific primer, it was coded ID.
Statistical analysis
Statistical analysis was performed using SAS (SAS Institute Inc, Cary, N.C., USA) on a VAX computer. Paired samples were compared for continuous variables using paired t-test, and for categorical data using McNemar's test statistic. Odds ratios are given with 95 % confidence intervals, which were obtained using Mantel-Haenszel estimates. Results Table 1 shows the clinical and biological characteristics of the subjects. For the 173 cases selected, it was possible in 163 to match for risk factors excluding hypertensive status, and in 134 to match including hypertensive status. Comparison of the matched risk factors between cases and control subjects matched for hypertensive status showed no statistically significant differences. Glycated haemoglobin, which was an unmatched variable, was significantly higher in the case group (p =0.04). Comparison between cases and control subjects unmatched for hypertensive status showed that diastolic blood pressure in cases was significantly higher than in the control subjects (p = 0.012) despite a significantly higher proportion of cases being on antihypertensive treatment (p = 0.01). Table 2 shows the frequencies of genotypes in case and control populations. The frequency of genotypes in the total population did not B. D. Keavney et al.: Genetic risk factors for myocardial infarction differ significantly from Hardy-Weinberg equilibrium. Table 3 shows the comparison of ACE genotypes between cases and control subjects matched both including and excluding hypertensive status. A trend towards association of DD genotype with MI was observed when cases were compared with either control group. However, in neither comparison did the excess risk of MI conferred by DD reach statistical significance.
In accordance with the pre-existing data from Cambien et al. [4] , that DD genotype is a risk factor in subjects classified as "low risk" on grounds of lipid levels and BMI, the population was stratified into a "high-risk" and a "low-risk" subgroup based on each of the matched cardiovascular risk factors in turn. For the continuous risk factors, the value used to stratify the population was the mean value in the case poputation. Accordingly, cases and control subjects with lower LDL-cholesterol, triglyceride, and age, and higher HDL-cholesterol than the mean of the case population were classified as "low-risk" individuals with respect to that risk factor. For the discontinuous matched risk factors, subjects who were not current smokers, who were not receiving antihypertensive medication, and who were female were classified as "low risk". The comparison of the matched pairs stratified for risk by LDL-cholesterol level in the 134 cases matched including hypertensive status is shown in Table 4 . This analysis shows that the DD genotype was associated with MI in the Iow-LDL subgroup (odds ratio 3.67, p = 0.002). This analysis was re- Table 5 . After Bonferroni correction for 14 analyses, association of DD genotype with MI remained statistically significant in subjects with low LDL-cholesterol or low triglyceride (p < 0.05). When cases with both low LDL cholesterol and low triglyceride were compared with controls, the odds ratio of MI in cases with DD genotype was 9.0 (2.7-30.0), p < 0.001).
Repetition of the above analysis comparing cases with control subjects matched excluding hypertensive status yielded similar findings, but with lower odds ratios and degrees of statistical significance. The odds ratio for MI with DD genotype in cases with low LDL cholesterol was 2.44 (1.15-5.18), p = 0.02, the odds ratio in cases with low triglyceride was 1.5 (0.77-2.9), p = NS, and the odds ratio in cases with both low LDL cholesterol and low triglyceride was 2.5 (1.0-6.2), p = 0.05.
As the study included patients with both fatal and non-fatal MI, these subgroups were additionally subjected to separate analysis. Of the 134 cases matched including hypertensive status, 38 (28 %) had suffered a fatal MI. When these 38 subjects were compared with their matched control subjects, the odds ratio for MI with DD genotype was 2.0 (0.70-2.77), p = NS; when the remaining 96 cases matched including hypertensive status were compared with their matched control subjects, the odds ratio for MI with DD genotype was 1.5 (0.77-2.94), p = NS. When the group of 38 deceased subjects was stratified by risk factors and compared with their matched control subjects, the odds ratio in cases with low LDL cholesterol was 2.7 (0.7-9.6), p = NS, the odds ratio in cases with low triglyceride was 3.0 (0.6-13.8), p = NS, and the odds ratio in cases with both low LDL cholesterol and low triglyceride was 6.0 (0.94-38.5), p --NS.
Discussion
In this prospective case control study of NIDDM patients, we found that ACE-DD genotype was an important risk factor for MI in subjects with low levels of blood lipids.
Analysis using two different control groups which were either matched or unmatched for blood pressure showed that the risk conferred by ACE-DD genotype was more apparent when the comparison was made between cases and control subjects which were matched for blood pressure. Cases in the group unmatched for blood pressure had significantly higher blood pressure than their matched control subjects. If ACE-DD genotype were acting in part by increasing the blood pressure, then any excess risk conferred by the genotype would be more apparent when comparison was made between cases and control subjects in the group unmatched for blood pressure. The effect of ACE-DD on risk of MI therefore could not arise by this mechanism.
The use of cases and control subjects drawn from the same study population and matched for known cardiovascular risk factors also permitted direct demonstration that the effect of ACE genotype in those with low levels of LDL and triglyceride was independent of all the other matched risk factors. Our results provide confirmation of a similar result obtained recently by Ruiz et al. [7] , who used multiple logistic regression analyses to show that ACE genotype behaved as an independent risk factor for CHD in a cross-sectional case-control study of NIDDM subjects who were not matched for risk factors. Since risk factors were similarly distributed between our cases and control subjects, the risk conferred by the ACE genotype could be compared in groups stratified for each risk factor.
We have shown that the association of ACE-DD genotype with MI was present in cases with low LDL-cholesterol or triglyceride concentrations, and was Particularly strong when both variables are low (the interaction between the two variables being multiplicative); this interaction of ACE-DD with favourable lipid levels is in accordance with the original report in the general population by Cambien et al. [4] , who measured apo B concentration. This finding could have important implications. Multiple cardiovascular risk factors are generally held to act multipli-catively -an interaction of the type observed is highly unusual, and must be accommodated in any model of the pathophysiology. Alternatively, it has been proposed that the observed effect could arise from a survival bias for ascertainment [5, 6] . According to this hypothesis "high-risk" DD individuals with high lipid levels may have a very adverse prognosis, and suffer fatal MI before being ascertained.
We think it unlikely that this explains our data. Firstly, we have reproduced the findings of Cambien et al. [4] in patients with NIDDM, a population which is at high risk of fatal MI even when lipid levels are relatively low. Secondly, the marked differences in odds ratio between "high-risk" and "lowrisk" subgroups observed when the population was stratified for lipid values was not observed when the population was stratified for other important risk factors affecting survival, such as smoking status, hypertension and age. Thirdly, although some bias could arise from selected entry to UKPDS [9] , and from deaths in the period between entry to the study and the drawing of blood for DNA extraction, subsequent ascertainment of cases was prospective and included both fatal and non-fatal MIs. Moreover, separate analysis of cases who had died confirmed the trends observed in the entire population, although the small numbers involved resulted in these trends not reaching statistical significance.
Since the extent of linkage disequilibrium over this region of chromosome 17 is not known, it is not yet proven that the risk arises from ACE rather than a neighbouring gene, Nevertheless, ACE itself is an attractive candidate since ACE activity has been implicated in arterial wall myo-intimal proliferation in humans [13] and ACE inhibition can prevent atheroma formation in non-human primates [14] . Whereas high lipid levels may be directly pathogenic, genetic variability at the ACE locus could lead to increased pathogenicity of lower levels of blood lipids.
The clinical consequences of these findings could be significant. Among our NIDDM population, even those subjects with a favourable lipid profile have a substantially increased risk of MI when compared with the general population; in these subjects genotyping at the ACE locus may be an important part of overall cardiovascular risk stratification. Furthermore, evidence has been presented [15, 16] that in selected patients with left ventricular dysfunction after MI, ACE inhibition can not only improve mortality and progression to clinical heart failure, but also reduce the rate of recurrent MI. The possibility that the ACE genotype has effects on the response to ACE inhibition will require assessment in further studies.
